Receptor Organs of the Human Palmar Skin Over Cicatrical Neuroma**This study was supported by Public Health Service Grant No. NB04147.  by Cauna, Nikolajs
THE JOURNAL OP INYESTIOATIVR DERMATOLOOY
Copyright C 1567 hy The Williams & Wilkins Co.
Vol. 46, No. 5
Printed in U.S.A.
Preliminary and Short Report
RECEPTOR ORGANS OF THE HUMAN PALMAR SKIN
OVER CICATRICAL NEUROMA*
NIKOLAJS CAUNA, M.D., D.SCt
Amputation stump neuralgia may occur in the
form of localized pain overlying a cicatrical neu-
roma. While the tissues of the neuroma have been
adequately investigated, the hyperalgesie skin and
its nerve endings have not. Hence, such a study
was undertaken following a reamputation of a
finger stump in a man aged 43 years. Tests before
the operation revealed that hypersensitivity was
limited to a clearly defined area in which light
touch with a cotton wad produced a tingling sen-
sation, and solid contact caused unpleasant pain.
The painful area was mapped out on the surface
of the skin.
METHOD
The amputated skin flap was fixed in neutral
10% formalin for three hours and then divided
into three strips, each containing part of the pain-
ful area in the middle and normal skin at each end.
These strips were used for paraffin embedding,
neurohistological staining and for demonstration
of eholinesterase activity respectively. Nerve fibers
were stained in frozen sections using a simplified
Bielschowski-Gros silver method (I). Distribution
of eholinesterase activity was demonstrated in
floating frozen sections employing a simplified
Koelle's histochemical technic (2). The incubation
was carried out at pH 6.0 (malleate buffer) for
periods ranging from 30 minutes to 3 hours. Etho-
propazine hydrochloride was chosen as a selective
inhibitor of butyroeholinesterase in a concentration
of ten microM. Eserine controls were used with
both substrates, and they gave negative reactions.
RESULTS
Unstained paraffin sections of the skin showed
pigmentation in the basal and lower prickle cell
layers of the epidermis over the area mapped out
as painful. The pigment was prominent on the deep
aspects of epidermal pegs and folds that projected
into the corium but faint around the tips of the
dermal papillae.
Hematoxylin and eosin preparations showed
Meissner's corpuscles in dermal papillae both in
the painful and normal skin areas. Their number,
shape and size appeared normal for the age of the
individual (3). Lymphoid infiltration or prolifera-
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tion of the laminar cells was not observed. Some
Pacinian corpuscles of normal appearance were en-
countered in the corium. Merkel's cells, charac-
terized by their clear cytoplasm, could be identi-
fied on the deep aspects of the sweat ridges. They
were more conspicuous in the skin area mapped
out as painful, where they were seen against the
background of the pigmented epidermal cells (ef.
arrow in Fig. 1).
In silver preparations, the dermal nerve plexus
showed its usual appearance. Nerve endings of
Meissner's corpuscles were fine and irregular,
typical of receptors following a period of relative
functional inactivity (4). Free nerve endings and
Merkel's corpuscles were abundant and had nor-
mal neurohistological appearances. Paeinian cor-
puscles also appeared normal.
Histochemieally, aeetylcholinesterase activity
was only observed around the secretory segments
of the sweat glands and in the adventitia of larger
blood vessels both in normal and lesion areas. Dis-
tribution of butyrocholinesterase in the sensory re-
ceptor organs was different in the normal and
painful areas. In the normal skin, Meissner's cor-
puscles gave a strong positive butyroeholinesterase
reaction localized in the laminar cells while the
nerve endings and the preterminal nerve fibers of
the corpuscles remained negative even after pro-
longed periods of incubation. In the hyperalgesie
area, the laminar cells were also positive, but an
additional strong positive butyroeholinesterase
activity was observed in the preterminal nerve
fibers of Meissner's corpuscles (Fig. 1, ef. with
Fig. 2). Some free nerve endings in the dermal
papillae gave a positive butyroeholinesterase re-
action both in the normal and painful areas. Pa-
cinian corpuscles showed high enzyme concentra-
tion in their central core but not in the preterminal
segments of their axons. Merkel's corpuscles gave
a negative reaction throughout.
COMMENT
In the present case, the receptor organs of the
hyperalgesie and normal skin areas differ in their
distribution patterns of butyrocholinesterase. In
the hyperalgesie area, the preterminal nerve seg-
ments of Meissner's corpuscles exhibit a strong
positive butyrocholinesterase activity while in the
adjacent skin of normal sensation, the same nerves
give a negative reaction.
The histochemical findings in the normal skin
area correspond with the normal distribution pat-
tern of cholinesterase activity (5, 6, 7, 8, 9). The
489
490 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Fio. 1. Hyperalgesic hairless digital skin over a cicatrical neuroma incubated for hutyro-
cholinesterase activity and lightly counter-stained with hematoxylin. The deep aspect of
the epidermis shows pigmentation. Meissner's touch corpuscles as well as the nerve fibers
that enter these structures (N, N) exhibit a strong positive hutyrocholinesterase activity.
Merkel's corpuscles (arrow) are devoid of pigment and give a negative chohnesterase
reaction. Male, 43 years old. >< 140.
Fio. 2. Hairless digital skin adjacent to the hyperalgesic area incubated for bfltyro-
cholinesterase activity and lightly counter-stained with hematoxylin. The epidermis is
devoid of pigmentation. Two Meissner's corpuscles show a strong positive butyrocholincs-
terase reaction but their preterminal nerve fibers are negative. Male, 43 years old. X 140.
findings in the hyperalgesic skin constitute a de-
viation. The functional role of cholinesterascs in
the sensory end organs is still subject to specula-
tions but suggestions have been made that the
enzyme may be involved in the production of the
generator potential in the nerve endings (10). If
this suggestion is valid, the excessive distribution
of the enzyme and the apparent dysfunction of the
endings may be related. In such a case, local ap-
plication of anticholinesterases in the painful area
should relieve pain. To test this theory, experi-
ments are needed using the procedure of Hurley
and Koelle (11).
It may be of interest to note that increased
cholinesterase activity is associated with growth of
nerves and with proliferation of their lemmoblastic
elements. In the fetal skin, all preterminal nerve
fibers contain cholinesterases in high concentration
(5, 12). Similarly, neurofibromata in their various
forms are characterized by butyrocholinesterase
-
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activity (13). In the present case, the excess of the
enzyme activity may be the result of an earlier
process of regeneration of nerves in the lesion
area. It seems that after the completion of this
process, normal cholinesterase pattern has returned
to all receptor organs with the exception of Meiss-
ner's corpuscles.
SUMMARY
The hairless skin over cicatrical neuroma was
studied with general histological, neurohistological
and histochemical technics. Histochemically, sig-
nificant difference was observed in respect to the
distribution of butyrocholinesterase in Meissner's
corpuscles. It was considered that the excessive
distribution of enzyme and the disorder in sensa-
tion might be related.
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